Abstract. We studied prospectively 801 Thai patients admitted to the Bangkok Hospital for Tropical Diseases with acute, symptomatic Plasmodium vivax malaria to determine the optimum duration of treatment with oral artesunate and the safety, tolerability, and effectiveness of a high dose of primaquine in prevention of relapse. Patients were randomly assigned to one of four treatment groups: 1) a five-day course of artesunate (Group A5); 2) a seven-day course of artesunate (Group A7); 3) a five-day course of artesunate plus a 14-day course of high-dose primaquine (0.6 mg/kg, maximum dose ‫ס‬ 30 mg) (Group A5 + P); and 4) a seven-day course of artesunate plus a 14-day course of high-dose primaquine (Group A7 + P). During 28 days of observation, P. vivax reappeared in the blood of 50% of those who received artesunate alone (Groups A5 and A7), compared with none of those who received primaquine (Groups A5 + P and A7 + P; P < 0.0001). Adverse effects were confined to the 13 patients with a deficiency for glucose-6-phosphate dehydrogenase; high-dose primaquine (0.6 mg/kg of base a day) had to be stopped in four (31%) patients because of a significant decrease in the hematocrit. The combination of five days of artesunate and 14 days of primaquine is a highly effective and generally well-tolerated treatment regimen for vivax malaria in Thailand.
INTRODUCTION
Of the four protozoan species of the genus Plasmodium that cause infection in humans, P. falciparum and P. vivax are responsible for most cases of malaria. In Thailand three decades ago, P. falciparum caused approximately 80% of infections and P. vivax 20%, but by 1998 the proportions had become equal. 1 Thailand and most of southeast Asia are areas of low malaria transmission, individuals gain relatively little acquired immunity, asymptomatic parasitemia is unusual, and acute falciparum or vivax malaria may occur at any age. 2 The P. falciparum parasites prevalent in Thailand are the most drug-resistant in the world, 3 and for effective treatment the use of artemisinin derivatives is necessary. 4 Although chloroquine-resistant P. vivax has been reported in this region, [5] [6] [7] almost all acute vivax infections can still be treated with chloroquine successfully in Thailand. 8 To prevent relapses of P. vivax arising from persistent liver stages (hypnozoites), radical treatment with primaquine is required. Standard doses of primaquine (0.25 mg/kg of base a day for 14 days) do not prevent all relapses in Thailand. Increased dose regimens of primaquine need evaluation. 9 Microscopic diagnosis of malaria allows appropriate regimens for the treatment of P. falciparum and P. vivax malaria to be prescribed. 3, 4 However, in many circumstances malaria is diagnosed principally by clinical criteria, and reliable clinical differentiation of falciparum malaria from vivax malaria is not possible. 10 In addition, mixed infections are common in Thailand. For example, of 994 patients admitted to the Bangkok Hospital for Tropical Diseases with the initial microscopic diagnosis of P. vivax malaria alone, 104 (10.5%) subsequently developed P. falciparum malaria following drug treatment for P. vivax malaria. 11 Conversely, 30% of patients with the initial microscopic diagnosis of falciparum malaria alone subsequently develop vivax malaria. 12, 13 Thus, drugs effective against both species of malaria are needed. Radical cure of P. vivax malaria requires treatment with primaquine because the hypnozoites are insensitive to all antimalarial drugs other than the 8-aminoquinolines. Accordingly, we carried out a trial designed to determine for infection with P. vivax in Thailand 1) the optimum duration of treatment with artesunate (five or seven days) and 2) the safety, tolerability, and effectiveness of a high dose of primaquine (0.6 mg/kg of base a day for 14 days) in the prevention of relapse.
MATERIALS, AND METHODS

Patients.
This study included all patients admitted to the Bangkok Hospital for Tropical Diseases in Bangkok, Thailand with acute symptomatic P. vivax malaria between February 1999 and July 2001. The study protocol was reviewed and approved by the Ethics Committee of the Faculty of Tropical Medicine, Mahidol University (Bangkok, Thailand). Each participant gave fully informed consent. The inclusion criteria for the study were an age of 15 years or older, willingness to give informed consent, a body weight of at least 40 kilograms, and an agreement to remain in the hospital for 28 days. Patients who were pregnant were excluded, as were those with concomitant P. falciparum infection, patients with associated severe vital organ dysfunction, those with a history of drug hypersensitivity or of taking antimalarials during the two-week period prior to admission. A known deficiency for glucose-6-phosphate dehydrogenase (G6PD) was not an exclusion criterion, but patients with a history of dark urine or significant hemoglobinuria related to primaquine treatment during the course of a previous episode of malaria were excluded.
Procedures. After clinical evaluation and examination of thick and thin blood smears to establish the diagnosis, baseline blood samples were obtained for hematologic and biochemical studies. Patients were then randomly assigned to one of four treatment groups: 1) a five-day course of artesunate (50 mg of salt/tablet; Guilin No. 1 Factory, Guangxi, People's Republic of China): a single dose of oral artesunate, 200 mg, on the first day, followed by single daily doses of oral artesunate, 100 mg, for the next four days (Group A5); 2) a seven-day course of artesunate: a single dose of oral artesunate, 200 mg, on the first day, followed by single daily doses of oral artesunate, 100 mg, for the next six days (Group A7); 3) a five-day course of artesunate plus a 14-day course of primaquine (7.5 mg of base per tablet; Thai Government Pharmaceutical Organization, Bangkok, Thailand): a single dose of oral artesunate, 200 mg, on the first day, followed by single daily doses of oral artesunate, 100 mg, for the next four days, after which primaquine (0.6 mg/kg, maximum dose ‫ס‬ 30 mg) was given once a day for 14 days (five-day course of artesunate plus primaquine; Group A5 + P); and 4) a sevenday course of artesunate plus a 14-day course of primaquine: a single dose of oral artesunate, 200 mg, on the first day, followed by single daily doses of oral artesunate, 100 mg, for the next six days, after which primaquine (0.6 mg/kg, maximum dose ‫ס‬ 30 mg) was given once a day for 14 days (sevenday course of artesunate plus primaquine, Group A7 + P). Randomization was performed by block randomization. Patients successfully treated with artesunate alone for five or seven days were given a course of primaquine (15 mg/day for 14 days) at follow-up on the 28th day of the study to complete their radical cure. Primaquine was given after a meal or soft drink. Oral acetaminophen (0.5−1.0 g every four hours) was given for a temperature Ն38°C.
Oral temperature and pulse and respiratory rates were measured every four hours until resolution of fever and thereafter every 6−12 hours; blood pressure was measured once a day. Monitoring for signs and symptoms of malaria was conducted daily for the first seven days of admission and weekly thereafter. Patients with a G6PD deficiency in groups 3 and 4 were closely monitored during the period of primaquine administration: their hematocrit values were assessed daily, and they were examined for clinical evidence of intravascular hemolysis or hemoglobinuria.
Fever clearance time was defined as the time from the start of a patient's treatment until the oral temperature decreased to less than 37.5°C and remain at or below this level for 48 hours. Parasite clearance time was defined as the time from the start of a patient's treatment until the patient's first negative blood film with the blood film then remaining negative for 24 hours.
All patients were hospitalized for 28 days or until the reappearance of parasites. Patients in whom P. vivax parasitemia reappeared after initial parasite clearance were considered to have failed treatment. These patients were then treated with the hospital's standard regimen for vivax malaria: chloroquine (30 mg base/kg in a single dose) and primaquine (15 mg base once a day for 14 days). Patients found to be co-infected by asexual forms of P. falciparum were treated with either quinine combined with tetracycline for seven days or artesunate (600 mg) followed by mefloquine (25 mg/kg). These patients were excluded from the analysis of the 28-day cure rates.
Laboratory studies. Pretreatment investigations included a complete blood count (red blood cell count, hemoglobin, hematocrit, total white blood cell count, differential count, and platelet count); estimations of total and direct bilirubin, alkaline phosphatase, blood urea nitrogen, creatinine, albumin, globulin, and aspartate and alanine aminotransferases; and a urinalysis. These tests were repeated on days 7, 14, 21, and 28.
A screening test for a G6PD deficiency was conducted on admission. Thick and thin blood films were examined for malaria parasites before treatment and then every 12 hours until negative; thereafter, thick films were examined daily until either the reappearance of P. vivax or P. falciparum or the 28th day. Parasite counts per microliter of blood were determined by counting the number of asexual parasites per 200 white blood cells (thick films) or per 1,000 red blood cells (thin films); blood films were considered negative if no parasites were seen in 200 oil-immersion fields of a thick blood film.
Statistical analysis. Continuous variables are summarized as means and standard deviations and were compared by oneway analysis of variance. A geometric mean was used to express the parasite count. The efficacy of the drug regimens was compared by the chi-square test.
RESULTS
Patients.
Eight-hundred one patients were studied: 206 received a five-day course of artesunate (Group A5), 201 received a seven-day course of artesunate (Group A7), 196 received a five-day course of artesunate plus a 14-day course of primaquine (Group A5 + P), and 198 received a seven-day course of artesunate plus a 14-day course of primaquine (Group A7 + P). Most of the patients had contracted malaria on the Thailand-Myanmar border. Demographic, clinical, and pretreatment laboratory data are shown in Table 1 . There were no significant differences between the treatment groups (P > 0.1).
Following treatment, 186 patients (49 in Group A5, 42 in Group A7, 54 in Group A5 + P, and 41 in Group A7 + P) sought discharge from the hospital before follow-up day 28 because of social reasons, not because of the drug treatment or its side-effects. These patients were excluded from the analysis of the 28-day cure rates. The median day of early discharge from the study was day 14 in groups 1, 2, and 4 and day 16 in group 3. All patients who sought discharge before day 28 were asymptomatic and free of parasitemia before their discharge from the hospital.
Therapeutic responses. Fever and parasite clearance times were rapid, and similar in all four groups (Table 2 ). There were no early treatment failures. Of the 615 patients who completed the follow-up on day 28, 158 had a reappearance of P. vivax in their blood. All of these had not received primaquine (P < 0.0001), giving an average recurrence rate of 50% and the 28-day cure and failure rates. During the followup period, none of these patients had asexual forms of P. falciparum in blood films.
Adverse effects. Forty-four patients were found to be deficient for G6PD: 18 of them received primaquine (Groups A5 + P and A7 + P) ( Table 1) . Five of the 18 left the hospital prior to finishing treatment. Nine patients completed their treatment without difficulty, but four had a significantly reduced hematocrit that prompted their doctors to stop administration of primaquine. They were withdrawn on day 7, day 4, day 6, and day 6 after initial primaquine treatment. The decreases in hematocrit were 16%, 13%, 14%, and 8%, respectively. This compares with a mean (SD) change in hematocrit of 0.79% (4.28) in patients who were not G6PD deficient. Some patients had nausea, vomiting, or abdominal discomfort that was self-limited or needed symptomatic treatment. No other adverse effects were associated with primaquine; specifically, no cyanosis, abdominal cramps, hypertension, arrythmias, central nervous system disturbances, granulocytopenia, agranulocytosis, and leukocytosis were reported or observed.
DISCUSSION
In areas of Asia where both P.falciparum and P. vivax are prevalent, chloroquine and primaquine should not be used for treatment of vivax malaria if co-infection with multidrugresistant P. falciparum cannot be excluded and follow-up ensured. Even with expert microscopic diagnosis, approximately 10% of patients initially considered to have P. vivax malaria alone will subsequently develop P. falciparum malaria following drug treatment for P. vivax. 11, 14 Because artemisinin derivatives are active against both species, we examined regimens with an artemisinin derivative as the blood schizontocide for the treatment of acute malaria and primaquine as the hypnozoiticide for prevention of relapse. In an earlier study evaluating the activity of artesunate alone against P. vivax infection, a five-day regimen (200 mg on the first day and 100 mg on the following four days) cleared parasitemia rapidly, but vivax malaria reappeared in more than 60% of the patients within 28 days. 15 In this study, we also examined the effect of a seven-day regimen, but the additional two days of artesunate produced no significant increase in the cure rate assessed at 28 days. With either five or seven days of artesunate treatment, vivax malaria reappeared in roughly half the patients by day 28. With southeast Asian strains of P. vivax, both the average relapse interval and the average time to recrudescence are approximately three weeks. 15 Thus, in an individual patient, differentiation between relapse and recrudescence following administration of a rapidly eliminated antimalarial is not possible. In this series, it is likely that most, and possibly all, recurrent parasitemias resulted from relapses. Artesunate is even more active against P.vivax than against P.falciparum, but in infections with the latter species seven-day regimens of artesunate alone give Ն90% cure rates. Furthermore, primaquine prevented all recurrent parasitemias.
Because a proportion of vivax infections in Thailand now seem to be refractory to standard doses of primaquine (0.25 mg/kg of base a day for 14 days), 9 we examined the effectiveness, tolerability, and safety of a higher dose of primaquine (0.6 mg/kg of base a day for 14 days) in prevention of relapse. The addition of this higher dose of primaquine to either the five-or seven-day treatment with artesunate prevented the reappearance of vivax malaria in all patients by day 28. The 28-day period of observation is too short to detect later relapse, but in an earlier study with a 12-week follow-up period, high-dose primaquine prevented the reappearance of vivax malaria in 33 (94%) of 35 patients. Patients with a G6PD deficiency are generally excluded from primaquine treatment trials because of the risk of adverse reactions. 16 However, we decided that G6PD-deficient individuals could be investigated safely since the variants of G6PD deficiency that are prevalent in Thailand (G6PD Viangchan (871G>A), G6PD Canton (1376G>T), G6PD Mahidol (487G>A) and G6PD Kaiping (1388G>A)) 17 are generally mild, and the patients were carefully monitored in the hospital. In the present study, patients tolerated primaquine well and adverse effects were confined to the subpopulation of patients with G6PD deficiency. Among the 13 who completed the 28 day study, the high dose primaquine (0.6 mg/kg of base) had to be stopped because of a decrease in the hematocrit in four (31%). For comparison, in another recent study at the Bangkok Hospital for Tropical Diseases, all 22 patients receiving a standard dose of primaquine (0.25 mg/kg of base) completed the 14-day course. 18 These results suggest that even in Thailand, where the prevalent variants of G6PD deficiency are relatively mild, a substantial proportion of patients with G6PD deficiency will be unable to tolerate high-dose primaquine. For patients with G6PD deficiency, the use of a standard dose of primaquine with observation for later relapse may provide a better therapeutic option.
A combination of five days of artesunate plus 14 days of high-dose (0.6 mg base/kg/day) primaquine is a highly effective regimen for vivax malaria in Thailand. For the treatment of falciparum malaria, seven-day courses of artesunate are preferable, 19 although the five-day regimen is sufficient to cure subclinical P. falciparum infections co-existing with P.vivax. Thus, as an empirical treatment of suspected malaria in this region, where laboratory confirmation cannot be obtained, this regimen would be highly effective. In patients with a G6PD deficiency, the use of high-dose primaquine would require careful monitoring of the hematocrit, but a standard dose of primaquine with close observation for later relapse could also be considered as a therapeutic alternative.
Received January 2, 2003. Accepted for publication March 10, 2003. 
